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WE ARE PLEASED  
TO SHOWCASE  
some of our 2016–
17 activities in this 
new magazine from 
the Iowa Geological 
Survey (IGS). Our publication represents 
a continuation of the transition of the 
IGS from our previous administrative 
home in the Iowa Department of Natural 
Resources to our current home within 
IIHR—Hydroscience & Engineering (IIHR) 
at the University of Iowa (UI). Since the 
move in 2014, the IGS has continued to 
serve Iowans by providing the geologic 
and hydrologic information needed 
to understand and better manage our 
natural resources.  
 In this magazine, which we are calling 
The igs Geode, we report on some of our 
interesting activities and list examples of 
our public engagement and summarize 
presentations and publications made by 
IGS staff in the last 12 months. 
 The igs Geode highlights the breadth 
and scope of our research, education, 
and outreach activities. IGS geologists 
Stephanie Surine, Phil Kerr, Ryan 
Clark, and Huaibao (Paul) Liu showcase 
their efforts to map Iowa’s surficial 
and bedrock resources through the 
USGS-funded STATEMAP program. You 
never know what you may find when 
investigating the subsurface, and Liu 
reports on the discovery of a world-
class fossil locality in a previously-
unknown meteorite impact structure in 
the Decorah area — a discovery found 
through our mapping program.
 Our ability to map the subsurface 
geology and conduct groundwater 
investigations was significantly 
enhanced in 2017 with the purchase of 
a new Giddings drilling rig. Soil Scientist 
Matthew Streeter certainly kept the new 
rig busy last fall! Our exciting GeoCore 
program, co-led by Rick Langel and Jason 
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ON THE COVER: The geode is the official 
state rock of Iowa and popular with kids and 
adults alike. Check out our alternate cover 
photo, below right. It was a difficult choice!
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Schilling, Mike Gannon, Rosemary Tiwari,  
Matthew Streeter, Huaibao (Paul) Liu,  
Nathan Holt, Zachary Demanett, Stephanie 
Surine, Ryan Clark, Jason Vogelgesang,  
and Phillip Kerr. 
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state geologist in January 2017 and will 
be fulfilling that role until the state 
geologist position is filled.
 As you can read in these pages, the 
IGS is doing exciting things for Iowans. 
We are committed to serving the state of 
Iowa and providing expertise on surface 
and subsurface natural resources. Look 
forward to annual IGS updates in this 
magazine as we report on our interesting 
projects and results.
KEITH SCHILLING
Associate State Geologist
Vogelgesang, has made thousands of 
high-resolution images of rock core 
samples available online.
 The IGS continues to be a leader in 
groundwater modeling and exploration 
as IGS hydrogeologists Mike Gannon, 
Nathan Holt, and Jason Vogelgesang are 
helping local and regional water sup-
ply systems develop drought mitigation 
strategies and explore aquifer character-
istics using sophisticated modeling and 
geophysics. Linking geology and  
hydrology together is a natural fit for IGS, 
and this was showcased in our assess-
ment of groundwater vulnerability in the 
Manchester, Iowa, area. Not to be left out, 
I report on a recently completed study of 
groundwater quality beneath Iowa golf 
courses — what a way to combine two of 
my favorite pastimes, research and golf!
 Returning to the idea of transitions, 
we also note important events and 
milestones for IGS in 2017. The IGS was 
founded in 1892, and 2017 marks our 
125th anniversary. This longevity is a 
testament to the leadership and talent 
of the many geologists who have served 
the IGS over the years. We were saddened 
by the passing of former State Geologist 
Don Koch in 2017. Don retired in 2002 
after serving 22 years as state geologist 
and 43 years with IGS. Robert (Bob) 
Libra followed Don as state geologist 
and provided outstanding leadership to 
IGS for last 15 years. Bob retired in July 
2017, and the IGS will be pursuing a code 
change with the Iowa legislature during 
the next session to permanently move 
the state geologist position from the 
IDNR to the UI. I was appointed associate 
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IGS STAFF RECENTLY COMPLETED A 
geophysical survey for the city of Marion 
exploring locations for a new production 
well in the Silurian aquifer. They used an 
electrical resistivity field-based method 
to show how rock in an aquifer responds 
to an electrical charge. Using results from 
this investigation, IGS staff discovered 
a conductive “fractured zone” in the 
aquifer with the potential to produce 
significant amounts of water. Marion  
is in the process of drilling a well in this 
fractured zone. As the drilling nears 
completion, a preliminary pump test 
suggests this new well may be one of  
the most productive in Iowa. 
High-Tech Solutions 
for Well Siting
“Utilizing the tools and 
 knowledge of the IGS 
 staff, we were able to 
 determine the most 
 optimal location to drill  
our new Silurian well, 
and it certainly has 
paid off for us.”
 —TODD STEIGERWALDT—
General Manager,  
City of Marion Water Department
photo: igs staff
THE IGS HAS A NEW DRILL RIG FOR 
groundwater monitoring, soil health 
studies, geologic mapping, and more. The 
new rig replaces a much smaller one that 
is almost 40 years old. It is mounted on 
a pickup truck and can initially drill up 
to 50 feet, with the potential to go much 
deeper. 
 Matthew Streeter, an IGS soil scientist, 
and his team are already putting the rig 
to work. In fall 2017, they used hollow 
stem augers to drill 20 groundwater 
monitoring wells for the Iowa Watershed 
Approach, a statewide flood mitigation 
and water-quality project. 
 In conjunction with well installation, 
the rig can also collect continuous soil 
cores that are used for programs such 
as STATEMAP, which provides detailed 
geologic mapping of Iowa, with particular 
emphasis on solving environmental 
problems. IGS researchers plan to study 
soil genesis and change, and how this 
relates to surface geology. Another 
drill rig project will conduct soil health 
research in North Central Iowa.  
 Streeter recently completed training 
and testing to become a certified well 
driller with the state of Iowa so he can 
operate the drill rig. He had to memorize 
four chapters of Iowa code — no small 
challenge! It was worth it, though, he 
says. “With this new rig, we will be able to 
manage the timing of our own fieldwork, 
which will allow us to be much more 
efficient.” 
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New Drilling Equipment  
Facilitates Research  
and Monitoring
FACING PAGE: IGS hydrogeologist Jason 
Vogelgesang conducts a geophysical study 
of what’s below ground using electrical 
resistivity and electromagnetic terrain 
conductivity.
THIS PAGE: IGS soil scientist Matthew 
Streeter wasted no time putting the new drill  
rig to work.photo: igs staff photo: aneta goska
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IN 2016, THE IGS BEGAN COLLABORATING 
with the University of Iowa’s Department 
of Earth and Environmental Sciences to 
establish an ongoing internship program. 
IGS interns are working under the new 
Geopaths Iowa initiative, which is part 
of a National Science Foundation grant 
to train educators in the geosciences 
and to help students start their careers. 
The interns are assisting with current 
IGS research projects, including the 
ongoing IGS geologic mapping program 
(STATEMAP). Their work spans a number 
of fields, from conodont sampling to 
web-based map design. Look for the 
results presented by the students at the 
next North Central Section GSA meeting 
in Ames! 
 The photograph below shows our 
summer 2017 interns (from left to right): 
Clint Henning, Brittany Stolfus, Tanner 
Hartsock, Nick Johnson, and Drew 
Hutchinson.
Educating  
Iowa Students
GEOCORE, THE IGS’ NEWEST DATA PORTAL, 
provides the public with online access to 
our extensive core collection. Cores are 
continuous cylinders of rock, collected 
by drilling with a hollow drill bit, that 
are used for analysis. An interactive 
map or a text-based search allows users 
to find specific cores in the collection. 
This easy-to-use platform comprises 
more than 12,000 core boxes. Educators 
can use these high-resolution photos to 
teach geological concepts and to show 
unique geologic features. Geoscientists 
can employ the photos to scientifically 
describe the materials in the box, all 
Check out our core samples: https://www.iihr.uiowa.edu/igs/geocore
without physically visiting the collection. 
The IGS’ Rick Langel, pictured below, 
co-leads GeoCore with colleague Jason 
Vogelgesang. 
What’s Below the Surface?
See for Yourself! 
“My internship allowed 
me to combine my 
skills in geology and 
computer science to 
create maps that help 
people learn about 
Iowa geology.”
— Drew Hutchinson — 
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MODERN DIGITAL GEOLOGIC MAPS ARE  
an essential tool for Iowans as they  
work to solve groundwater problems, 
locate mineral resources, and create 
land-use plans. The IGS continues 
to participate in the United States 
Geological Survey’s STATEMAP program, 
which provides funds to states to 
conduct detailed geologic mapping with 
an emphasis on solving environmental 
issues. STATEMAP helps Iowans 
understand what’s beneath the Earth’s 
surface, and how the geologic materials 
there affect their day-to-day lives.
 In 2016–17, the IGS completed 
STATEMAP quadrangle mapping 
(1:24,000 scale) in North Central and 
Southeast Iowa. IGS staff mapped four 
quadrangles (Greene, Colwell, Lowell, 
and Danville) for bedrock and surficial 
geology, which helps establish and 
improve the stratigraphic framework and 
allows Iowans to address key questions 
related to land-use planning, aggregate 
resource potential and protection, and 
groundwater vulnerability. 
 A 1:100,000 scale map of Floyd 
County in North Central Iowa is nearing 
completion. This work complements 
previous mapping in Worth, Cerro Gordo, 
and Mitchell counties to provide geologic 
maps for much of the Upper Cedar River 
Watershed. Floyd County is located 
on the Iowan Surface landform region, 
an area of poorly consolidated glacial 
materials that thinly cover shallow 
bedrock in many areas. Recent flooding 
coupled with potential groundwater 
vulnerability has increased awareness 
among local watershed management 
authorities and county and municipal 
decision-makers tasked with identifying 
best management practices. Mapping 
and data analysis in North Central Iowa 
provides critical information for these 
studies.
 The IGS has completed maps of 
governments (IDOT, NRCS, planning 
and zoning), academics, professional 
societies, private industry (aggregate 
producers and environmental 
consultants), and watershed groups, 
meets annually to help prioritize projects 
and to discuss intermediate and long-
range goals for IGS mapping. Recent 
priorities set by the STATEMAP committee 
focus on developing areas and impaired 
watershed mapping.
STATEMAP:  
A Tool for Iowans
two quadrangles in Southeast Iowa 
(Lowell and Danville); the second year 
of mapping is underway in the West 
Burlington and Sperry quadrangles. A 
primary concern in Southeast Iowa is 
the identification of potential aggregate 
resources, as well as the protection 
of those resources in the face of rapid 
urbanization along the Mississippi River 
and the South Skunk River valley. The 
split figure above illustrates the bedrock 
and surficial geologic maps of the Lowell 
Quadrangle in Southeast Iowa.
 The IGS has participated in STATEMAP 
since it began in 1993, and in that 
time has secured over $3 million in 
federal USGS funding. A committee of 
more than 20 stakeholders, including 
representatives from state and local 
ABOVE: This figure represents the bedrock  
(upper left) and surface (lower right) 
geological maps of the Lowell Quadrangle in 
Southeast Iowa.
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INDUSTRY, AGRICULTURE, AND LIVESTOCK 
operations keep the Iowa economy 
strong and provide jobs for Iowans — and 
they all require reliable water sources. 
IGS researchers provide information and 
solutions to keep the water flowing, even 
in droughts.
 Iowa experienced a severe statewide 
drought starting in the fall of 2011. Dry 
conditions continued through most of 
2012 and 2013. The largest public water 
system in Sioux County in far Northwest 
Iowa is the Rock Valley Rural Water 
District (RVRWD). Sioux County’s billion 
dollar livestock industry relies heavily 
on RVRWD for water. In fact, more than 
75% of water sold by RVRWD in 2012 
went to livestock. To improve long-term 
water sustainability, DGR Engineering 
Inc. redesigned a sand and gravel pit 
previously used as part of an emergency 
water plan at the RVRWD wellfield into 
an engineered recharge basin. Engineers 
diverted a small unnamed creek 
draining a 17-square-mile area into 
the recharge basin. This basin provides 
water to RVRWD’s wellfield and allows 
water production to continue during dry 
periods. 
 In 2016 and 2017, the IGS completed a 
two-year hydrogeologic investigation of 
the alluvial aquifer and recharge basin at 
the RVRWD wellfield. The main purpose 
of the investigation was to evaluate 
how well the recharge basin served as 
a drought resiliency strategy, as well as 
potential groundwater quality impacts 
related to the basin. IGS researchers 
collected monthly water level 
measurements and groundwater quality 
samples at the site for approximately 
12 months. In addition, they developed 
a three-dimensional groundwater flow 
model to evaluate the groundwater 
quantity benefits.
 Based on the calibrated IGS 
groundwater flow model, the recharge 
basin would provide additional 
groundwater storage to the RVRWD 
production wells for approximately two 
years during a severe drought. Besides 
providing water storage, the researchers 
found that basin sediments served as a 
good filter to remove nitrates as water 
traveled from the basin into the aquifer. 
Nitrate as nitrogen concentrations 
in the shallow groundwater directly 
downstream of the recharge basin were 
consistently lower than in the basin, as 
shown in the graph below. Based on 
water-quality results, the basin removed 
approximately 41% of the nitrate in 
the recharge basin in November 2016; 
in January 2017, it removed 98%, with 
an average reduction of 64% for the 
12-month period. 
 Overall, the IGS found that, with 
proper management from Rock Valley 
Rural Water District, the recharge basin 
can provide protection against drought 
without sacrificing water quality in the 
wellfield.
Building Drought Resiliency  
and Sustainability in  
Northwest Iowa
by Mike Gannon
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HYDRAULIC FRACTURING (OR FRACKING) 
is used to recover gas and oil from shale 
rock beneath the Earth’s surface. This 
controversial process is not currently in 
use in Iowa. However, for about a decade, 
Iowa has been the site of a mining 
operation for the pure silica sand used 
for fracking. 
 Just outside the small Northeast Iowa 
town of Clayton along the bluffs of the 
Mississippi River is a mine that has been 
in operation for almost a century. The 
mine began its life as a surface quarry, 
but the pursuit of Ordovician-age St. 
Peter Formation sandstone, shown in 
the photograph above, sent mining 
operations underground in the 1940s. 
The St. Peter is a very pure, loosely- 
cemented sandstone composed mostly 
of well-rounded, very fine to medium 
mono-crystalline quartz grains. This 
sand has been used for making glass, 
foundry castings, and even livestock 
bedding. The mine went dormant 
occasionally when demand dropped. 
 However, the recent spike in the 
demand for frack sand has caused the 
mine’s production to soar. In 2016, the 
mine applied for a permit to expand 
underground workings by about 750 
acres. That process would require the 
county Planning and Zoning Commission 
to rezone the area, following a period of 
public input. The mining company hired 
a consultant to perform a full geologic 
study to address potential impacts of the 
proposed expansion. The consultants 
provided their report to the commission 
so its members could make an informed 
The IGS Facilitates  
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decision. However, commission members 
wanted a report from a separate, 
impartial source. This led them to the IGS.
 The primary concern raised by the 
proposed mine expansion was its 
potential impact on bedrock aquifers 
tapped by local water wells. The mining 
company had long asserted that the St. 
Peter was not saturated and that they 
had never needed to dewater the mine 
for their operations. Based on historical 
well data from the IGS well database and 
additional borehole data provided by the 
mining company, the IGS constructed 
geologic cross-sections to illustrate the 
approximate depths and thicknesses 
of the St. Peter, as well as the bedrock 
aquifer units lying above and below. The 
cross-sections showed the water table for 
each aquifer unit. 
 The hydrogeologic setting of the mine 
is unique in that the Galena Group 
aquifer is “perched” above the mine, 
supported by the intervening Decorah 
Shale, which prevents groundwater from 
percolating into the underlying St. Peter. 
Also, the water table of the underlying 
Prairie du Chien Group aquifer is below 
the level of the mine throughout most of 
the proposed expansion area. 
 IGS researchers provided this 
information to the commission, and an 
IGS representative also presented the 
report at a public meeting. As a result, 
the zoning ordinance passed, allowing 
the mine to keep up with demand for 
decades to come while also ensuring 
that vital groundwater resources remain 
uncompromised.
by Ryan Clark
Prairie du Chien  
Dolomite
St. Peter Sandstone
photo: igs staff
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THE IGS HELPS SMALLER COMMUNITIES 
understand elevated nitrate levels 
in their drinking water by creating 
vulnerability maps of the area around 
wells. These maps provide a useful tool 
to help city officials develop a plan to 
improve the quality of their drinking 
water, and to analyze the success of 
groundwater-based nutrient reduction 
practices.
 The city of Manchester provides a 
useful example. Nitrate concentrations 
in city wells and springs feeding the 
Manchester Fish Hatchery (located along 
the Maquoketa River in Delaware County, 
Iowa) are quite high and regularly exceed 
Environmental Protection Agency (EPA) 
drinking water standards, prompting 
careful examination of groundwater 
vulnerability in this area. Groundwater 
in the Honey Creek and Spring Branch 
Creek watersheds flows through 
fractured Silurian-age dolomite bedrock 
to city and private wells, as well as to 
the hatchery springs. IGS staff assessed 
groundwater vulnerability in the 
Manchester area using existing geologic, 
groundwater, and water-quality data to 
develop nitrate reduction strategies for 
the region.
 The cross-section view below 
illustrates the highly variable thickness 
of surface deposits over the Silurian 
bedrock aquifer. Several deep valleys that 
cut into the bedrock near Manchester are 
filled with sand or a mixture of sand and 
clayey glacial till (sediments deposited 
by glaciers), or sand and finer grained 
alluvium (sediments deposited by 
flowing streams and rivers). A relatively 
thin cover of weathered glacial till  
and/or sand overlays the bedrock 
uplands. IGS staff grouped the surface 
deposits into three vulnerability classes 
based on their potential to allow 
significant infiltration of water to the 
Silurian aquifer. They based these classes 
on material composition and thickness. 
The most vulnerable areas are typically 
the sandy deposits or thin surface cover 
overlying the Silurian aquifer.
 Groundwater in the Silurian aquifer 
flows in a westerly direction from higher 
upstream watershed areas toward the 
Maquoketa River. The Manchester city 
wells and the hatchery springs intercept 
groundwater moving along these flow 
paths. The IGS analysis suggested the 
groundwater supplying the Manchester 
city wells originates from a different area 
than the water supplying the hatchery 
springs. Land use exerts the greatest 
influence on groundwater nitrate 
concentrations. Row crops dominate 
land use upstream of the Manchester 
city wells and the hatchery springs. 
Nitrate concentrations are often greater 
than 10 mg/l beneath row-crop land 
cover, as compared to less than 1 mg/l 
beneath perennial grass and forest. 
Concentrations in urban areas are 
typically less than 2–3 mg/l. 
 IGS researchers mapped the vulner-
ability of the Silurian aquifer to nitrate 
contamination according to the 
thickness and characteristics of surficial 
materials. They noted highly vulnerable 
areas where surface materials are thin 
Mapping Groundwater  
Vulnerability to Nitrate
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or composed chiefly of sand. Most 
areas east of the city wells and near the 
hatchery springs are vulnerable to nitrate 
leaching into the aquifer. Groundwater 
vulnerability is greatest where 
geologically vulnerable areas are covered 
with row crops. The map above shows 2-, 
5-, and 10-year capture zones delineating 
areas contributing water to city wells. 
Highly vulnerable areas in 2-year capture 
zones have the greatest potential to 
contribute nitrate to city wells in the near 
future. IGS researchers validated these 
vulnerability regions against private 
well samples in the area. Approximately 
37% of the private wells in highly 
Vulnerability mapping 
is a useful tool for 
groundwater-based  
nutrient reduction  
practices.
vulnerable areas 
exceed the maximum 
contaminant level 
or MCL (the highest 
concentration of a 
contaminant allowed 
in drinking water 
by the EPA). Only 
17% of wells in less 
vulnerable areas 
exceeded the  
nitrate MCL.
 Study results indicated that ground-
water in the Manchester area is vulner-
able to high nitrate concentrations 
because the landscape above the aquifer 
is mostly made up of thin, sandy surface 
materials that allow nitrate-rich water 
from row-crop dominated watersheds 
to infiltrate into the aquifer. IGS staff 
conducted the assessment using 
available data. It could be refined with 
a field investigation, including more 
detailed mapping of surficial geology, 
installation of monitoring wells for 
determination of groundwater levels 
and quality, and development of a 
groundwater flow model. 
 Overall, the Manchester project 
demonstrates the importance of 
vulnerability mapping as a tool to 
improve the success of groundwater-
based nutrient reduction practices.
THIS PAGE, TOP:  Map of Manchester city well 
capture zones.
FACING PAGE, FAR LEFT: Map of the city 
of Manchester and the two watersheds that 
impact city water quality.
FACING PAGE, RIGHT: Cross-section view 
of the thickness of surface deposits over the 
Silurian bedrock aquifer.
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IN 2005, IGS RESEARCHERS FOUND  
a deposit of shale near Decorah, Iowa, 
with an unusual set of previously 
unknown fossils about 465 million years 
old. This unit, the Winneshiek Shale 
Formation, is mostly buried, with only 
a small exposure along the Upper Iowa 
River. About a century ago, local residents 
saw this exposure and thought it might 
be coal because it could be burned. 
Then-State Geologist Samuel Calvin 
declared that it was not coal, and the 
blackish shale was forgotten until it was 
rediscovered, along with its exceptional 
fossil preservation. Now this deposit is 
known as the Winneshiek Lagerstätte, a 
site with extraordinary fossils, including 
some soft bodies or tissues. 
 Well data indicate that the Winneshiek 
Shale is about 17–26 m thick in the 
Decorah area. With National Science 
Foundation support in 2010, IGS 
researchers excavated and sampled the 
shale’s sole outcrop, collecting more than 
two tons of samples. IGS geoscientists, 
working with UI students, split the shale 
slabs in the lab and carefully searched 
for fossils using microscopes. This search 
resulted in a collection of more than 
5,000 fossil specimens.  
 The Winneshiek discovery was unusual 
for its impressive fossils and their 
extraordinary preservation, as well as 
a remarkable number of new species. 
Although the area where the deposit 
was found was once a shallow sea, many 
common marine fossils from this time 
period (including trilobites, graptolites, 
corals, bryozoans, and echinoderms) 
were absent from the Winneshiek 
Lagerstätte. Instead, the fossils included 
conodonts, eurypterids, phyllocarids, 
ostracods, jawless fish, linguloids, 
and some that are indeterminate. 
The Winneshiek Shale also yielded 
abundant bromalites (mineralized gut 
Ancient Sea Creatures     
and a Meteorite Impact 
5.6 km
 
A trove of extraordinary fossils found near Decorah
by Huaibao P. Liu and Robert M. McKay
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contents and coprolites), algae, and some 
other microfossils. These different fossil 
components suggest that these creatures 
inhabited a restricted environment that 
was inhospitable to normal marine life. The 
extraordinary fossil preservation of the 
Winneshiek Lagerstätte includes common 
conodont apparatuses (feeding organ remains 
of an extinct animal group), arthropod soft 
tissues called cuticles, phyllocarid structure 
details (a shrimp-like crustacean), as well as 
some three-dimensional preservations. To 
date, researchers have identified many species 
belonging to a variety of fossil groups. About 
90% of them are classified as either new 
(including the oldest, a six-foot-long scorpion-
like eurypterid Pentecopterus decorahensis and 
the transitional type Winneshiekia youngae) 
or indeterminate. Because the fossils from 
the Winneshiek Lagerstätte are significantly 
different from normal marine fossil types, as 
well as their exceptional fossil preservations, 
some reviewers have called this “the discovery 
of the decade in early Paleozoic paleontology.” 
 These studies led to the recognition that 
the Winneshiek Shale is contained within 
the Decorah Impact Structure, which is only 
the second meteorite crater discovered in 
Iowa. Researchers followed multiple lines of 
geologic evidence to reach this conclusion, 
including subsurface information from 
wells, the occurrence of a thick and massive 
brecciated or conglomeratic unit, and micro 
and macro deformations. The U.S. Geological 
FACING PAGE, TOP: IGS researchers excavate the 
Winneshiek fossil site near Decorah, Iowa, in 2010.  
They temporarily diverted the Upper Iowa River to 
excavate the only outcrop of the shale.
FACING PAGE, CENTER:  The Winneshiek Shale, 
indicated by wells of red points, is limited to a 
circular basin with a 5.6 km diameter. 
FACING PAGE, BOTTOM: Evidence of a meteorite 
impact: the discovery of a thick breccia (sharp-
angled rock fragments in a fine-grained matrix) unit 
below the Winneshiek Shale.
THIS PAGE, TOP LEFT: A complete conodont 
apparatus of Archeognathus primus. 
THIS PAGE, TOP RIGHT:  Cuticles of Pentecopterus 
decorahensis gen. & sp. n., which is the oldest 
eurypterid in the literature. 
THIS PAGE, BOTTOM LEFT:  A well preserved 
phyllocarid specimen of Ceratiocaris 
winneshiekensis sp. n. 
THIS PAGE, BOTTOM RIGHT:  Part of an 
indeterminate arthropodan microfossil.
Reviewers have called this  
the discovery of the decade  
in early Paleozoic paleontology.
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Survey confirmed the impact structure 
using aerial geophysical surveys. Studies 
indicate that the Decorah meteor impact 
occurred in this geologic period and 
had an original diameter of 6 km and a 
depth about 400 m. It is estimated that 
the meteorite was 300–400 m in diameter 
and hit the Earth at a speed of 15–20 
km/s. The resulting crater, where low 
oxygen conditions likely developed in 
the relatively undisturbed bottom water, 
provided an appropriate environment 
for fossilization and for the exceptional 
fossil preservation of the Winneshiek 
Lagerstätte. 
 A team of collaborators from U.S. 
research institutions and colleagues 
in Europe and China is studying these 
unusual materials from the Winneshiek 
Shale, resulting in more than 10 
journal articles published or under 
review. Theoretically, results from the 
Winneshiek Shale studies provide new 
tests to the hypotheses of two important 
events that happened on Earth during 
the Ordovician period: the fast evolution 
(known as the Great Ordovician 
Biodiversification Event) and frequent 
meteorite impacts (the Great Ordovician 
Meteorite Shower).   
 These materials and research results 
have also been widely publicized and 
used for K–12 education, including 
a television show on the National 
Geographic Channel and an exhibit in 
the University of Iowa Mobile Museum 
that travels throughout Iowa. Research 
on both the Winneshiek Lagerstätte and 
the Decorah impact structure continues.
ABOVE: K–12 students across the state 
marveled at the sea scorpion model that 
traveled far and wide in the University of Iowa 
Mobile Museum in 2017.
BELOW: A model of Scorpy created for a 
National Geographic TV documentary, The 
Strange Truth, was unveiled near where the 
fossils were discovered on the banks of the 
Upper Iowa River near Decorah.
INSET: H. Paul Liu studies a fossil under the 
microscope.
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IGS RESEARCHERS RECENTLY CONDUCTED 
a study to measure nitrogen (N) 
and phosphorus (P) in surface 
and groundwater at six randomly 
selected Iowa golf courses to assess 
their contributions to N and P 
concentrations in Iowa waterways. 
A grant from the Golf Course 
Superintendents Association of 
America partially funded the study.
 Iowa is home to 421 golf courses, 
with at least one in each of the state’s 
99 counties. IGS researchers selected 
three 18-hole courses and three nine-
hole courses in Eastern, Central, and 
Western Iowa for study. At each, they 
installed shallow monitoring wells 
on representative tee, fairway, and 
rough locations and sampled them 
throughout 2015 and 2016. 
 Results indicate that groundwater 
nitrate concentrations were very 
low, averaging 2.2 mg/l on all 
courses. Eight of the 18 wells had no 
Evaluating Nitrate and Phosphorus  
Concentrations at Iowa Golf Courses
 
 by Keith Schilling 
Iowa golf courses  
are not a major source  
of nutrients to our  
water resources
Do golf courses contribute to elevated nutrient levels in Iowa’s rivers and streams?  
Do they contribute to the Gulf of Mexico dead zone? 
detectable nitrate (<1 mg/l), and nine 
wells had nitrate ranging from 1–5 
mg/l. One well had a mean nitrate 
concentration of nearly 15 mg/l. 
Researchers hypothesized that this 
high concentration could be due to 
historical management practices 
at the club or N storage in the soil 
profile. Groundwater dissolved P 
concentrations 
varied among 
courses and 
well positions, 
ranging from 
0.05–0.22 mg/l and 
averaging 0.13 
mg/l. These were 
similar to concentrations measured at 
a variety of Iowa settings. 
 Annual N yields at the golf courses 
averaged about 3 kg/ha, about 1/10th 
of the N yields generated in other 
areas in their watersheds. The N yields 
represented about <0.2% to 6–8% of 
ABOVE: Researchers drill a monitoring well on a golf course in Eastern Iowa. 
RIGHT:  IGS scientists split the resulting core in half to better study  
the soil composition.
applied N at the courses. Annual P 
yields ranged from 0.09–0.52 kg/ha 
among the six courses and averaged 
about 0.26 kg/ha for all courses. 
Only one golf course applied any P 
fertilizer. The P yield here represented 
about 1.8% of the applied P. Overall, 
researchers estimated that golf 
courses contributed 0.019% of the total 
N load exported 
from Iowa. 
 Study results 
showed that golf 
courses in Iowa are 
not a major source 
of nutrients to 
groundwater and 
surface water resources.  
 These results are proving useful 
in addressing public concerns about 
nutrient contributions from golf 
courses in Iowa and in surrounding 
Midwestern states pursuing nutrient 
reduction strategies. 
photos: igs staff
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Gannon, J.M., N.L. Holt, and J.A. Vogel- 
gesang, 2017. “Investigation of a Recharge 
Basin to Improve Drought Resiliency and 
Aquifer Sustainability: Rock Valley Rural 
Water,” Iowa Geological Survey–IIHR— 
Hydroscience & Engineering (IIHR), Univer- 
sity of Iowa (UI), Water Resources Investi-
gation Report No. 15.
Holt, N.L., J.M. Gannon, and J.A. Vogel- 
gesang, 2017. “Investigation of a Floodplain 
Pond to Improve Alluvial Aquifer Sustain- 
ability: A Quantity and Quality Report,” 
Iowa Geological Survey–IIHR-UI, Water 
Resources Investigation Report No. 16.
Holt, N.L., S. Shukla, G. Hochmuth, R. 
Muñoz-Carpena, and M. Ozores-Hamp-
ton, 2017. “Transforming the Food-Water- 
Energy-Land-Economic Nexus of Plasti-
culture Production through Compact Bed 
Geometries,” Advances in Water Resources, 
doi.org/10.1016/j.advwatres.2017.04.023.
Jones, C., S.W. Kim, K.E. Schilling, 2017. “Use 
of Continuous Monitoring to Assess Stream 
Nitrate Flux and Transformation Patterns,” 
Environmental Monitoring and Assessment, 
189:35, doi:10.1007/s10661-016-5749-6.  
Jones, C.S., B. Wang, K.E. Schilling, and 
K. Chan, 2017. “Nitrate Transport and 
Supply Limitations Quantified Using High- 
Frequency Stream Monitoring and 
Turning Point Analysis,” Journal of Hydro- 
logy, 549:581-591.
Liu, H.P., S.M. Bergström, B.J. Witzke, 
D.E.G. Briggs, R.M. McKay, and A. Ferretti, 
2017. “Exceptionally Preserved Conodont 
Apparatuses with Giant Elements from the 
Middle Ordovician Winneshiek Konservat- 
Lagerstätte, Iowa, USA,” Journal of Paleon- 
tology, v. 91 (3), pp. 493–511.
Nowak, H., T.H.P. Harvey, H.P. Liu, R.M. 
McKay, and T. Servais, in press: “Exception-
ally Preserved Arthropodan Microfossils 
from the Middle Ordovician Winneshiek 
Lagerstätte, Iowa, USA,” Lethaia.
Nowak, H., T.H.P. Harvey, H.P. Liu, R.M. 
McKay, P.A. Zippi, D.H. Campbell, and T. 
Servais, 2017. “Filamentous Eukaryotic 
Algae with a Possible Cladophoralean 
Affinity from the Middle Ordovician Win-
neshiek Lagerstätte in Iowa, USA,” Geobios, 
v. 50, pp. 303–309.
Schilling, K.E., 2017. “How Much Do Golf 
Courses Contribute to Gulf of Mexico 
Hypoxia?” Golf Course Management, 06(17), 
pp. 76–81.
Schilling, K.E., P.J. Jacobson, R.D. Libra, 
J.M. Gannon, R. Langel, and D. Peate, 2017. 
“Groundwater Age in the Cambrian-Ordo-
vician Aquifer in Iowa,” Environmental Earth 
Science, 76:2, DOI 10.1007/s12665-016-6321.
Schilling, K.E., K. Kim, and C.S. Jones, 2017. 
“Orthophosphorus Contributions to Total 
Phosphorus Concentrations and Loads in 
Iowa Agricultural Watersheds,” Journal of 
Environmental Quality, 46:828–835.
Schilling, K.E., K. Kim, and C.S. Jones, 
2017. “Use of Water Quality Surrogates to 
Estimate Total Phosphorus Concentrations 
in Streams,” Journal of Hydrology, Regional 
Studies, 12:111–121.
Schilling, K.E., K. Kult, K. Wilke, M. Streeter, 
and J.A. Vogelgesang, 2017. “Nitrate Reduc-
tion in a Reconstructed Floodplain Oxbow 
Fed by Tile Drainage,” Ecological Engineering, 
102:98–107.
Schilling, K.E., C.F. Wolter, X. Liang, Y.K. 
Zhang, C.S. Jones, A. Seeman, T. Isenhart, 
D. Schnoebelen, and M. Skopec, 2017. 
“Variability of Nitrate-N Load Estima-
tion Results Will Make Quantifying Load 
Reduction Strategies Difficult,” Journal of 
Soil and Water Conservation, 72(4):317–325.
Streeter, M. and K.E. Schilling, 2017. “Soil 
Properties in Native, Reconstructed, and 
Farmed Prairie Potholes: A Chronose-
quence Study Restoration Timeframes,” 
Ecological Restoration, 35:6–9.
Thomas, N., K.E. Schilling, A. Arenas, M. 
Streeter, and L. Weber, 2017. “Inverse Mod-
eling of Soil Hydraulic Properties in a 
Two-Layer System and Comparisons with 
Measured Soil Conditions,” Vadose Zone 
Journal, 16(2), doi:10.2136/vzj2016.08.0072.
Villarini, G., K.E. Schilling, and C.S. Jones, 
2016. “Soybean Area and Baseflow Driving 
Nitrate in Iowa’s Raccoon River,” Journal of 
Environmental Quality, 45:1949–1959. 
Vogelgesang, J.A., N.L. Holt, and J.M. Gannon, 
2017. “Aquifer Sustainability at the 
Osceola County Rural Water System 
H-Series Wellfield,” Iowa Geological Survey 
–IIHR–UI, Water Resources Investigation 
Report No. 17.
Publications 
by IGS Staff 
in 2016  –17
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Clark, R. “Geology of Lacey-Keosauqua 
State Park,” co-hosted field trip for Proj-
ect AWARE, Keosauqua, Iowa, July 12, 2016.
Clark, R. and Langel, R. “Fossil Rocks from 
the Seamans Center Construction Site,” 
Iowa State Fair, Des Moines, Iowa, Aug. 12, 
2016.
Clark, R. “Geode Paddling Trip down 
Lower Des Moines River from Bentonsport 
to Bonaparte,” Jefferson County Conserva-
tion Board, Van Buren County, Iowa, Aug. 
18, 2016.
Clark, R. “Bedrock Geologic Map of Mitchell 
County, Iowa,” Poster session, Geological 
Society of America meeting, Denver, Colo., 
Sept. 25, 2016.
Clark, R. “Iowa’s Craters and their Impacts 
on Groundwater,” Iowa Groundwater Asso-
ciation, Dubuque, Iowa, Oct. 6, 2016.
Clark, R. “Making a New Geologic Map of 
Mitchell County,” Iowa Academy of Sci-
ence — Geology Section, Cedar Falls, Iowa, 
April 21, 2017.
Gannon, J.M. and Holt, N. “Phase 2 Assess-
ment-Plainfield, Iowa,” Plainfield Source 
Water Meeting, Plainfield, Iowa, Feb. 23, 
2017.
Selected
Presentations  
by IGS Staff  
in 2016  –17
Gannon, J.M. and Holt, N. “Improving 
Drought Resiliency at RVRWD and the Po-
tential Impacts on Groundwater Quality,” 
Rock Valley Rural Water District, Rock Val-
ley, Iowa, May 4, 2017; Rural Water System 
#1, Hospers, Iowa, May 5, 2017.
Kerr, P. and Langel, R. “Aquifers of Iowa,” 
BMC – Sunday at the Quarry, Waterloo, 
Iowa, Oct. 2, 2016.
Langel, R. “Rockin’ Rocks: Thirst for Science,” 
Echo Hill STEM Festival, Marion, Iowa, April 
21, 2017.
Langel, R. “Groundwater on the Move,” Iowa 
Children’s Water Festival, Ankeny, Iowa, 
May 11, 2017.
Libra, R. Surine, S., and Clark, R. “Mapping 
in NC Iowa and How to Apply to Future 
Projects,” Mitchell, Worth, Cerro Gordo, and 
Floyd counties, Osage, Iowa, Nov. 17, 2016.
Liu, H.P. “Winneshiek Lagerstätte and 
Decorah Impact Structure,” Midamerican 
Paleontological Society, Iowa City, Iowa, 
April 1, 2017; Iowa Academy of Science – 
Geology Section, Cedar Falls, Iowa, April 
21, 2017; Iowa Preserves Board and Winne-
shiek County Conservation, Decorah, Iowa, 
July 7, 2016; and UI Mobile Museum, Iowa 
City, Iowa, Nov. 9, 2016.
Schilling, K.E. “Nitrogen Export from the 
Corn Belt: Scope and Scale of a Wick-
ed Problem,” Invited Keynote Presenta-
tion, Annual Meeting of the Canadian Soil 
Science Association, Trent University, 
Peterborough, Ontario, Canada, June 12, 
2017. 
Schilling, K.E. “Green Infrastructure for 
Water-Quality Improvements in Agricul-
tural Landscapes,” Invited Speaker, Envi-
ronmental Science Seminar, Iowa State 
University, Ames, Iowa, Feb. 20, 2017.
Schilling, K.E. “Reconnaissance Study of 
Nitrate and Phosphorus Concentrations 
at Iowa Golf Courses,”  Iowa Turfgrass 
Association Annual Meeting, Altoona, Iowa, 
March 2, 2017.
Surine, S. and Kerr, P. “The IGS and the 
Devonian Fossil Gorge,” UNI Science Teach-
er Field Trip, Coralville, Iowa, June 28, 2017.
Vogelgesang, J. “Improving Drought Resil-
iency of Rural Water Systems in North-
west Iowa and the Potential Impacts on 
Groundwater Quality,” Iowa Water Confer-
ence, Ames, Iowa, March 23, 2017.
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Alternate Water Source Evaluation Proposal, 
North Liberty Iowa: Mike Gannon; Fox 
Engineering Associates Inc.
Annual and Seasonal Water Budget and 
Nitrogen Mass Analysis for the Frye Oxbow 
Restoration: Keith Schilling; The Nature 
Conservancy  
City of Coralville—Geophysical Survey of Two 
Aquifers: Jason Vogelgesang; City of Coralville
Electrical Geophysical Investigation near 
u.s. 71, Cass County, Iowa: Jason Vogelgesang; 
Iowa Department of Transportation
Evaluating the Nutrient Processing Capacity 
of Roadside Ditches: Keith Schilling; Iowa 
Nutrient Research Center (INRC)
Evaluation of Water Quality Surrogates for 
Estimating Total Phosphorus Concentrations: 
Keith Schilling: Iowa Department of Natural 
Resources (IDNR)
GeoCore: Encapsulating the Iowa Geological 
Survey’s Core Samples in a Web Application: 
Jason Vogelgesang and Richard Langel; United 
States Geological Survey (USGS)
Groundwater Consulting Services Proposed 
Greenfield Nitrogen Plant: Mike Gannon; Short 
Elliot Hendrickson Inc.
Identifying and Quantifying Nutrient 
Reduction Benefits of Restored Oxbows: Keith 
Schilling; INRC
Impaired Watershed Mapping in Floyd 
County, Iowa; Developing Areas and Impaired 
Watershed Mapping in Southeast Iowa: 
Stephanie Surine; USGS 
Joint Venture Wellfield Assessment: Mike 
Gannon; Northwest Iowa Regional Water
National Wetland Condition Assessment: 
Matthew Streeter; IDNR
Osceola County Rural Water District—
Groundwater Modeling: Mike Gannon; Osceola 
County Rural Water District
Processes Controlling the Source, Movement, 
and Release of Soil Phosphorus in Midwestern 
Streams from Pasture and Crop Land: Keith 
Schilling; USDA NRI program (collaboration 
with Iowa State University)
Reconnaissance Study of Nitrate and 
Phosphorus Concentrations at Iowa Golf 
Courses: Keith Schilling; Golf Course 
Superintendents Association of America 
Rock Valley Rural Water District—
Groundwater Modeling: Mike Gannon; 
Rock Valley Rural Water District
Rural Water #1 Wellfield—Groundwater Mod-
eling: Mike Gannon; Rural Water System #1
Sinkhole Investigation, Dry Creek Road, 
Winneshiek County, Iowa: Jason Vogelgesang; 
Winneshiek County Engineer
 FY 2015 FY 2016 FY 2017 FY 2018  
    (Projected) 
Municipal  41,221   148,435   77,433   162,034 
USGS  243,701   215,859   193,857   282,855
INRC 54,956 12,614  80,191   157,239
IIHR Contribution  90,210   73,835   168,587   80,000 
Other  43,253  95,932  76,927   24,525 
IDNR  882,660   793,640   797,097   707,445   
   $1,356,001    $1,340,314   $1,394,092   $1,414,098 
THE IGS IS DEDICATED TO SERVING IOWANS. 
The IGS had a remarkable research 
record of in 2016–17, including a wide 
variety of projects that span many areas 
of study, as readers will note from the  
list above. 
 The IGS used funding provided by 
the state of Iowa through the Iowa 
Department of Natural Resources (IDNR) 
to draw additional support from other 
funding sources. Leveraging additional 
funds means the state’s investment in 
the IGS pays off in many ways, including 
economic development and jobs; 
sustainable water resources for industry, 
agriculture, and drinking water; and 
science-based information to support 
better decision-making for well drillers, 
government officials, and individuals.
 However, IGS funding from the IDNR 
has decreased in recent years. Strong 
financial support is needed to preserve 
Selected
FY17 Projects 
by IGS Staff  
this valuable resource: $1,500,000 in 
annual funding from the state. 
 In addition, we are pursuing a 
change in Iowa code to move the state 
geologist position and duties of the 
Iowa Geological Survey from the IDNR to 
the University of Iowa. Simplifiying the 
funding stream will increase efficiency.
Financials
FY 2017
Municipal: City water supply projects
USGS: United States Geological Survey 
INRC: Iowa Nutrient Research Center
IIHR: IIHR—Hydroscience & Engineering; University of Iowa
Other: Outside non-municipal projects 
IDNR: Iowa Department of Natural Resources
Activities of the Iowa Geological Survey, 2016 –17   |  19 
A Look Back: 
Serving Iowans for  
More than a Century
THE HISTORY OF THE IGS STRETCHES 
back to Iowa’s earliest days when the 
state was less than a decade old. Then-
Governor James W. Grimes proposed a 
geological survey of the state, which was 
led by James Hall of New York. It was the 
start of great things for the state of Iowa, 
with its rich geological resources. 
 A permanent geological survey as a 
separate agency of state government 
was established in 1892. Professor 
Samuel Calvin, chair of the Department 
of Geology at the University of Iowa (UI), 
served as the first state geologist of the 
newly minted Iowa Geological Survey. 
The IGS has been housed on the UI 
campus since 1934, but until 2014, the 
survey had no administrative ties to  
the university. 
 Today, the Iowa Geological Survey 
is part of IIHR—Hydroscience & 
Engineering, with offices in Trowbridge 
Hall on Central Campus and in the 
Oakdale IGS facility, which houses 
the Rock Library of samples, cores, 
fossils, documents, and more. IGS 
geologists continue to study Iowa’s 
geology, providing valuable scientific 
interpretations, as well as important 
information and direction to the state’s 
resource assessment, environmental 
protection, and economic development.
PHOTOGRAPHS BY SAMUEL CALVIN — 
MADE IN THE LATE 1890s OR EARLY 1900s 
(CLOCKWISE FROM TOP):
Calvin standing next to “The Sentinel,” 
Newton Township, Iowa.
Quarry crew near Farley, Iowa.
Child with boulder near Newton Township, 
Iowa.
Calvin (bearded man just to the right of 
center) and class at the state quarry, North 
Liberty, Iowa. 
People on “The Stairway,” Backbone State 
Park, Delaware County, Iowa.
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